Cystic brain necrosis (CBN) is a rare form of BN. It typically occurs as a very late complication, and no standard treatment has been established. We report a case of a 59-year-old man who developed CBN 10 years after radiation therapy for metastatic brain tumors. The therapy consisted of whole brain radiotherapy followed by linac-based stereotactic radiosurgery as a boost. Initially, the CBN continued to expand despite treatment with corticosteroids and bevacizumab. Therefore, we resected the tumor and implanted an Ommaya reservoir, which successfully stabilized the lesion. Although the prognosis of patients with brain metastases is generally poor, some patients, like the one reported here, achieve long survival. Therefore, we should follow such cases carefully, considering the possibility of developing CBN as a late complication.
INTRODUCTION
Recently, a unique type of radiation-induced brain necrosis (BN), which accompanies cyst formation, has been reported mainly in patients treated with Gamma knife (GK)-based stereotactic radiosurgery (SRS) for brain arteriovenous malformations (AVMs) [1] [2] [3] . This cystic BN (CBN) has also been previously reported as a late complication of conventional radiation therapy (RT) for head and neck cancers, for example, in nasopharyngeal carcinoma [4, 5] . CBN presents a completely different clinical course from regular BN without cyst formation (non-cystic BN). Non-cystic BN typically develops within a few years after RT and is mostly asymptomatic or controllable with conservative therapy [4] . In comparison, CBN tends to occur with longer latency and is usually symptomatic and difficult to manage with conservative therapy [1] [2] [3] . Although there have been several reports of CBN following SRS, its long-term clinical features are poorly documented, and reports related to SRS for brain metastasis (BM) are extremely limited [6, 7] .
Here, we report a case of CBN that developed 10 years after SRS and whole brain RT (WBRT) for BM; the cyst was successfully stabilized with surgical resection.
CASE REPORT
A 47-year-old man underwent surgical resection of a mucoepidermoid carcinoma of a left submandibular gland in 1999 and received RT (60 Gy in 30 fractions) for a solitary lung metastasis in May 2000. In July 2000, two BMs were detected on follow-up magnetic resonance imaging (MRI): the larger lesion in the left parietal lobe was 30 mm in diameter. The patient underwent WBRT (40 Gy in 16 fractions) and was then referred to our hospital for further treatment of the remaining left parietal lobe metastases (Fig. 1a ). An SRS boost of 22.5 Gy in single fraction at the isocenter [18 Gy at the periphery of the planning target volume (PTV)] was performed using a linac-based SRS system, Xknife system (Radionics, Burlington, MA, USA) with a 6-MeV Xray beam. The longest diameter of the residual tumor was 11 mm, and the volume of the PTV was 1.54 ml (Fig. 2) . The patient remained recurrence-and complication-free for 8 years, except for the occurrence of WBRT-induced leukoencephalopathy, but a small high-signal area on T2-weighted images appeared on the SRS-treated area in April 2008 (Fig. 1d) . In June 2010, at the age of 59 years, the patient developed right-sided partial paralysis, and an enhanced lesion with perifocal edema was apparent (Fig. 1e) , which was clinically diagnosed as a radiationinduced BN. A steroid was prescribed to prevent its progression; however, cyst formation appeared in December 2010 (Fig. 1f) . In November 2011, the patient was hospitalized again for CBN treatment. Steroid and bevacizumab were included in the treatment; however, the lesion continued to expand (Fig. 1g) . In April 2013, resection of the cyst and Ommaya reservoir placement were performed, which finally controlled the CBN. Histological examination revealed hemosiderin deposits and necrotic brain tissue, and showed no evidence of recurrent tumor. A follow-up MRI on November 2016 (43 months post resection) showed only passive expansion of the removal cavity because of communication to the left lateral ventricle (Fig 1i) . Fluid-attenuated inversion recovery image revealed disappearance of abnormal high-signal of cyst contents (Fig. 3) . No evidence of CBN recurrence was observed.
DISCUSSION
CBN after SRS has been reported mainly as a late complication after GK-based SRS for benign non-neoplastic diseases, like AVMs [1] (reported incidence: 3%). However, cases related to BMs after SRS have been scarcely reported [6, 7] . Our patient developed CBN 10 years after linac-based SRS for BM and was successfully treated with surgical resection, even though conservative therapies failed to stabilize. In previous reports, several terminologies have been used to describe this complication: CBN, delayed cyst formation, BN with cystic change and so on. Here, we defined the term 'CBN' as BN with secondary cyst formation after RT without tumor recurrence. The exact mechanism underlying cyst formation remains unclear. Ishikawa et al. [6] hypothesized that CBN after GKbased SRS for BM is essentially the same as or very similar to the lesions seen in patients with AVMs and are not the result of BM progression, and the breakdown of the blood-brain barrier and the increased permeability of injured vessel walls play important roles in cyst formation. In their latest report, they histologically observed degenerated tissue mainly comprising fibrous tissue and various stage of hemorrhage and speculated that this tissue remains for many years and reparative processes cause an expanding mass lesion [7] . In our patient, hemosiderin deposits and necrotic tissue were histologically observed, and no evidence of tumor recurrence was detected.
In non-cystic BN, conservative therapies, such as hyperbaric oxygen therapy, corticosteroids or bevacizumab, are the standard of care [4, 8, 9] , and surgical procedures are seldom required. Conversely, CBN tends to be resistant to these conservative therapies and readily recurs, and no standard therapy has been established yet; surgical resection or continuous cyst drainage using a cystoperitoneal shunt or Ommaya reservoir placement is usually required [1-3, 6, 7] . According to previous reports, 32.8-88% of CBNs were symptomatic and 32.8-63% required surgery [1, 6] . In our patient, conservative therapies (the administration of corticosteroids and bevacizumab) failed, and surgical resection with continuous drainage by the placement of an Ommaya reservoir was necessary to stabilize the lesion.
The unique point of this complication is its extremely long latency (≥4-7 years after SRS) [1-3, 6, 7] . Considering its latency, the typical follow-up period for BMs was insufficient to detect this complication. Our patient developed symptomatic CBN long after SRS, although RT initially appeared successful; no visible abnormality on MRI for 8 years and no symptomatic complications for 10 years were observed. Longer follow-up with special attention to this complication should be considered in long-term survivors, given the improved favorable prognosis of patients with BMs because of the recent advances in systemic therapy [10] . CBN is a rare radiation-induced BN with a long latency. CBN is generally intractable, and there are no established treatment. Radiation-induced cystic brain necrosis developing 10 years | 389
We should be aware of the risk of CBN development in longterm BM survivors after SRS.
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